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(57) ABSTRACT

The present disclosure relates to pitch assemblies and meth-
ods for determining one or more pitch references for a pitch
control system of a wind turbine. The assembly comprises a
wind turbine hub; a pitch bearing including a hub bearing
ring configured to be attached to a hub flange and a blade
bearing ring configured to be attached to a wind turbine
blade; a target configured to be attached to one of the blade
bearing ring and the hub; and a sensor configured to be
connected to the other of the wind turbine hub and the blade
bearing ring, and configured to sense the target such that a
position of the target with respect to the sensor can be
determined.

11 Claims, 8 Drawing Sheets
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PITCH ASSEMBLY AND RELATED
METHODS

The present disclosure relates to wind turbines, 1n par-
ticular to pitch assemblies and methods for determining one
or more pitch references for a pitch control system of a wind
turbine.

BACKGROUND

Modern wind turbines are commonly used to supply
clectricity into the electrical grid. Wind turbines of this kind
generally comprise a tower and a rotor arranged on the
tower. The rotor, which typically comprises a hub and a
plurality of blades, 1s set into rotation under the influence of
the wind on the blades. Said rotation generates a torque that
1s normally transmitted through a rotor shaft to a generator,
either directly or through a gearbox. This way, the generator
produces electricity which can be supplied to the electrical
orid.

The wind turbine hub may be rotatably coupled to a front
of the nacelle. The wind turbine hub may be connected to a
rotor shaft, and the rotor shaft may then be rotatably
mounted in the nacelle using one or more rotor shaft
bearings arranged in a frame inside the nacelle. The nacelle
1s a housing arranged on top of a wind turbine tower that
contains and protects e.g. the gearbox (if present) and the
generator and, depending on the wind turbine, further com-
ponents such as a power converter, and auxiliary systems.

Wind turbine blades are generally coupled to the hub by
a pitch bearing. A pitch bearing typically comprises an inner
ring and an outer ring, and usually a plurality of rolling or
roller elements between the inner and outer ring. A wind
turbine blade may be attached either to the mner ring or to
the outer ring, whereas the hub may be attached to the other
of the inner and outer rings. The attachment may {for
example be performed with nuts and bolts.

When a pitch bearing ring 1s rotated with respect to the
other bearing ring, ¢.g. with an electric or hydraulic pitch
actuator, the blade may rotate with respect to the hub. For
example, a blade attached to the bearing inner ring may
rotate with respect to the hub. Causing a wind turbine blade
to rotate 1 this way may generally be referred to as
“pitching” of the blade. In (electro)mechamical pitch sys-
tems, a pinion may mesh with an annular gear typically
provided on the bearing ring to which the blade 1s joined to
in order to set the wind turbine blade 1nto rotation. Pitching
may adjust the loads acting on the blades and on the wind
turbine, and 1s used to adapt the blades to prevailing wind
conditions to optimize or improve operation of the wind
turbine. Also, pitching of the blades may be used when
shutting down the wind turbine. In such an occasion, the
blades are pitched to their “feathered” position.

In order to accurately control a pitch angle during opera-
tion, an 1nitial or homing reference needs to be known and
defined 1n a control system, e.g. by a pitch control system
and a wind turbine controller. This 1nitial reference point
serves as a reference for pitching the blade later on. For
example, a wind turbine controller may indicate the pitch
system to pitch the blade 30°, the 30° being applied with
respect to this iitial or reference point.

The pitch homing reference, 1.e. a starting point or axis
from which a pitch angle 1s measured, calculated or indi-
cated, may indicate a pitch position to be maintained at wind
speeds lower than a nominal wind speed in some examples.
This position may be known as “below rated pitch position™

10

20

25

30

35

40

45

50

55

60

65

2

or “default pitch position™. In these examples, pitching an
angle of about 90° may place the rotor blade 1n a feathered
position.

It 1s known to set a pitch homing reference once the wind
turbine blade 1s already mounted to the hub at an installation
site. For example, the wind turbine blade may have a
projection protruding towards an interior of the hub which
may be detected by a device inside the hub. In some of these
examples, the hub may include a laser and a sensor. The laser
may emit light substantially parallel to a blade length and the
sensor may collect one or more retlections of this light.
When the wind turbine blade is pitched, the blade flange
may interrupt the light emitted by the laser and the light
collected by the sensor may change. Therefore, the collision
of the emitted light with the blade flange may indicate the
pitch homing reference.

As the blade projection 1s placed at a specific circumfier-
ential location 1n the interior blade surface and the laser and
sensor are placed at a specific circumierential position mside
the hub, a pitch reference may be set. After the blade
projection 1s aligned with the laser and sensor, the pitch
reference may become known to the wind turbine control
system, €.g. to a pitch control system and/or to a main wind
turbine controller.

Such systems and methods for determiming a pitch hom-
ing reference can require a significant amount of time onsite,
be 1t onshore or offshore, for installation and commission-
ing. Operators therefore may need to stay at high altitudes
and at possibly less than ideal weather conditions during
prolonged time periods. Weather conditions may be particu-
larly hard 1n an offshore environment. Setting an 1nitial pitch
homing reference may entail a substantial risk for the
operators involved. Also, the homing process takes time, and
especially 1 the case of offshore wind turbines, this can
make the installation process very expensive.

Having a pitch homing reference established as precise as
possible 1s also very important at a single blade level as well
as at a rotor level. An imprecise pitch reference may cause
one or more wind turbine blades to be 1n a position that 1s
not the actual position indicated by a wind turbine controller,
which may cause a reduction of the energy produced by the
wind turbine and stresses in the wind turbine. Also, load
imbalances may arise if the pitch homing reference 1s not
substantially the same for each blade of the rotor. The life
service of the wind turbine may be thus reduced and the need
for maintenance and repairs increased.

SUMMARY

In an aspect of the present disclosure, a pitch assembly 1s
provided. The pitch assembly comprises a wind turbine hub,
a pitch bearing, a sensor and a target. The pitch bearing
includes a hub bearing ring configured to be attached to a
hub flange and a blade bearing ring configured to be attached
to a wind turbine blade. The target i1s configured to be
attached to one of the blade bearing ring and the wind
turbine hub. The sensor 1s configured to be connected to the
other of the wind turbine hub and the blade bearing ring, and
1s configured to sense the target such that a position of the
target with respect to the sensor can be determined.

According to this aspect, a sensor may be attached at a
specific position to the hub and a target may be attached at
a specific position on the bearing ring to which a wind
turbine blade may later on be joined. Alternatively, a sensor
may be attached at a specific position on the bearing ring to
which a wind turbine blade may later on be joined and a
target may be attached to the hub. The target may be sensed
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by the sensor. A position of the target with respect to the
sensor may be determined. Any sensors allowing to know a
position of the target with respect to the sensor may be used.
For example, magnetic, inductive, capacitive or color sen-
sors may be used.

Determining a pitch reference, be it a pitch homing
reference or another pitch reference, by placing a target or a
sensor on the blade bearing ring may avoid the need to attach
a wind turbine blade to the hub 1n order to determine the
pitch reference. Therefore, the determination may be per-
formed before installing the wind turbine on site, even
betfore transporting the hub and the blades to an installation
site for the wind turbine. For example, the alignment may be
performed at a hub assembly plant. As alignment may be
done in advance, the time required for installation and
commissioning of the wind turbine may be reduced. Also,
operator safety may be increased as operators would not
need to perform alignment on site, e.g. 1n a hub or nacelle
at a height of 70 meters, 100 meters or more. Both aspects
may be particularly relevant for oflshore wind turbines,
wherein the weather and environmental conditions may
increase the difliculty and the risk of wind turbine installa-
tion and commissioning.

Throughout this disclosure, a “reference for a pitch sys-
tem” or a “pitch reference” may be understood as a reference
point or axis for at least a pitch control system. Such a
reference may be a “pitch homing reference” or another
reference with may be considered relevant or of interest.

A “pitch homing reference” may herein be understood as
a reference point or axis from which pitch angles may be
determined, calculated, measured or indicated, e.g. by a
pitch control system and/or a main wind turbine controller.
In particular, this reference point may be a “zero” or starting
point for pitching a wind turbine blade. The pitch homing
reference may 1n some examples indicate a pitch position to
be maintained at wind speeds lower than a nominal wind
speed. A pitch reference different from the pitch homing
reference may for example indicate a feathered position of
a wind turbine blade.

In a turther aspect of the disclosure, a method for deter-
miming a reference for a pitch control system, the pitch
reference being a reference point for the pitch control
system, 1s provided. The method comprises attaching a first
bearing ring of a pitch bearing to a hub flange of a wind
turbine hub. The method further comprises determining a
pitch reference by a sensor detecting that a target is 1n a
predetermined position with respect to the sensor when
rotating a second bearing ring of the pitch bearing.

In a further aspect of the disclosure, a method for deter-
mimng a reference usable for or during pitching of a wind
turbine blade, 1s provided. The method comprises attaching,
a first ring of a pitch bearing to a hub flange of a wind turbine
hub; attaching a light emitting and collecting device, LECD,
comprising a light source and a light sensor to the hub at a
first reference setting position; attaching a target to a second
ring of the pitch bearing at a second reference setting
position; emitting light towards an outside of the hub and
parallel to a pitch axis; rotating the second bearing ring; and
determining a pitch reference by detecting a change in the
light received by the light sensor when the first and second
reference setting positions become aligned in a direction
substantially parallel to a pitch axis.

Throughout this disclosure, a light emitting and collecting,
device (LECD) may be understood as a set of a light source
clement and a light receiving element. These light emaitter
and light sensor may be located together, for example nside
a case or apparatus that contains them such as a laser sensor;
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or may be separate elements, for instance the light sensor
may be a camera and the light emitter may be a laser or a
light-emitting diode (LED). If the light emitter and the light
sensor belong to a same apparatus, they may be controlled
in a dependent manner, 1.e. they may share a control pro-
cessing unmt (CPU) and a memory. I the light emitter and the
light sensor are separate elements, they may not share a CPU
and a memory. In this case, an additional device such as a
controller e.g. placed in the hub may gather data from both
clements and operate with this data. In some examples the
emitter and sensor may be interlinked and able to commu-
nicate with each other, 1f needed, to control for example the
emission ol light at specific times and/or frequencies.

“Predefined reflective characteristics™ as used throughout
the present disclosure may be understood as the target
having a known retlective property 1.¢. 11 and when the target
interferes with a light beam from the LECD, this can be
detected and identified because 1t 1s known how the target
will mtertere with the light beam.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 schematically illustrates a perspective view of one
example of a wind turbine;

FIG. 2 illustrates a simplified, internal view of one
example of the nacelle of the wind turbine of FIG. 1;

FIG. 3 schematically illustrates an example of a pitch
assembly for setting a pitch reference for a pitch control
system;

FIG. 4 schematically 1llustrates an example of a target of
the pitch assembly;

FIG. § schematically illustrates an example of a light
emitting and collecting device (LECD) mounted to a sup-
port;

FIG. 6 schematically illustrates an example of a LECD
mounted to another support;

FIGS. 7A and 7B schematically illustrate a top view of a
pitch bearing attached to a hub flange, each figure showing
an example configuration 1n which a pitch homing reference
may be indirectly determined from another detected pitch
reference;

FIG. 8 schematically 1llustrates a cross-sectional view 1n
a radial direction of an example of a pitch assembly;

FIG. 9 schematically illustrates an example of a method
for setting a pitch reference for a pitch control system of a
wind turbine using a pitch assembly as described herein; and

FIG. 10 schematically 1llustrates an example of a method
for determining a reference usable for or during pitching of
a wind turbine blade using a pitch assembly as described
herein.

DETAILED DESCRIPTION OF EXAMPLES

Retference now will be made in detail to embodiments of
the invention, one or more examples of which are 1llustrated
in the drawings. Each example 1s provided by way of
explanation of the invention, not as a limitation of the
invention. In fact, 1t will be apparent to those skilled 1n the
art that various modifications and varnations can be made 1n
the present invention without departing from the scope or
spirit of the mvention. For instance, features illustrated or
described as part of one embodiment can be used with
another embodiment to yield a still further embodiment.
Thus, 1t 1s intended that the present invention covers such
modifications and variations as come within the scope of the
appended claims and their equivalents.
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FIG. 1 1llustrates a perspective view of one example of a
wind turbine 160. As shown, the wind turbine 160 includes
a tower 170 extending from a support surface 150, a nacelle

161 mounted on the tower 170, and a rotor 115 coupled to
the nacelle 161. The rotor 115 includes a rotatable hub 110

and at least one rotor blade 120 coupled to and extending
outwardly from the hub 110. For example, 1n the 1llustrated
embodiment, the rotor 115 includes three rotor blades 120.
However, 1n an alternative embodiment, the rotor 115 may

include more or less than three rotor blades 120. Each rotor
blade 120 may be spaced about the hub 110 to facilitate
rotating the rotor 115 to enable kinetic energy to be trans-
terred from the wind into usable mechanical energy, and
subsequently, electrical energy. For instance, the hub 110
may be rotatably coupled to an electric generator 162 (FIG.
2) positioned within the nacelle 161 to permit electrical
energy to be produced.

FIG. 2 illustrates a simplified, internal view of one
example of the nacelle 161 of the wind turbine 160 of FIG.
1. As shown, the generator 162 may be disposed within the
nacelle 161. In general, the generator 162 may be coupled to
the rotor 115 of the wind turbine 160 for generating elec-
trical power from the rotational energy generated by the
rotor 115. For example, the rotor 115 may include a main
rotor shaft 163 coupled to the hub 110 for rotation therewith.
The generator 162 may then be coupled to the rotor shaft 163
such that rotation of the rotor shatt 163 drives the generator
162. For instance, in the illustrated embodiment, the gen-
erator 162 includes a generator shait 166 rotatably coupled
to the rotor shait 163 through a gearbox 164.

It should be appreciated that the rotor shatt 163, gearbox
164, and generator 162 may generally be supported within
the nacelle 161 by a support frame or bedplate 165 posi-
tioned atop the wind turbine tower 170.

The nacelle 161 may be rotatably coupled to the tower
170 through a yaw system 20 1n such a way that the nacelle
161 1s able to rotate about a yaw axis YA, or there may be
other ways to position the rotor 1in the desired angle to the
wind. If there 1s a yaw system 20, such system will usually
comprise a yaw bearing having two bearing components
configured to rotate with respect to the other. The tower 170
1s coupled to one of the bearing components and the bedplate
or support frame 165 of the nacelle 161 1s coupled to the
other bearing component. The yaw system 20 comprises an
annular gear 21 and a plurality of yaw drives 22 with a motor
23, a gearbox 24 and a piion 25 for meshing with the
annular gear 21 for rotating one of the bearing components
with respect to the other.

As indicated above, blades 120 are coupled to the hub 110
by a pitch bearing 100 1n between the blade 120 and the hub
110. The pitch bearing 100 comprises an mnner ring 103 and
an outer ring 104. A wind turbine blade may be attached
either at the bearing mner ring or at the bearing outer ring,
whereas the hub 1s connected at the other. A blade 120 may
perform a relative rotational movement with respect to the
hub 110 when a pitch system 107 1s actuated. The inner
bearing ring may therefore perform a rotational movement
with respect to the outer bearing ring in FIG. 2. The pitch
system 107 of FIG. 2 comprises a pimion 108 that meshes
with an annular gear 109 provided on the inner bearing ring,
to set the wind turbine blade 1nto rotation around a pitch axis
PA.

FIG. 3 schematically illustrates an example of a pitch
assembly 300. The pitch assembly 330 1s suitable for setting
a pitch reference for a pitch control system, e.g. a pitch
homing reference, for a wind turbine blade 120.
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The pitch assembly 300 comprises a wind turbine hub
110, a pitch bearing 100, a sensor (305) and a target 310.

The pitch bearing 100 comprises a blade bearing ring 101
and a hub bearing ring 102. The hub bearing ring 102 is
configured to be attached to a hub tlange 440 (see e.g. FIG.
8) and the blade bearing ring 101 1s configured to be attached

to a wind turbine blade 120, more specifically to a mounting
flange of the blade.

The target 310 1s configured to be attached to one of the
blade bearing ring 101 and the wind turbine hub 110. For
example, the target 310 may be configured to be attached to
the blade bearing ring 101.

The sensor 305 1s configured to be connected to the other
of the blade bearing ring 101 and the wind turbine hub 110.
For example, the sensor may be configured to be attached to
the wind turbine hub 110. The sensor 303 1s configured to
sense the target 310 such that a position of the target 310
with respect to the sensor 305 can be determined.

In some examples, sensing the target 310 may indicate
that the target 310 and the sensor 305 have been aligned, for
instance 1n a direction substantially parallel to a pitch axis.
The alignment may indicate that a pitch homing reference
has been reached or that an additional or intermediate
reference has been attained. In the second case, the pitch
homing reference may be determined from the additional or
intermediate reference by knowing an angular distance
between the alignment position and the desired pitch homing
reference.

In some examples, the sensor 305 may be a light emitting
and collecting device 305 (LECD, better seen 1n FIG. 5). An
LECD 305 comprises a light source configured to emait light.
The LECD 305 in this example also comprises a light sensor
which 1s configured to receive one or more reflections of the
emitted light. The target 310 may have predefined reflective
characteristics such that a position of the target 310 with
respect to the LECD 305 can be determined.

In FIG. 3, the hub bearing ring 102 1s a bearing outer ring,
104 and the blade bearing ring 101 1s a bearing inner ring
103. The opposite may be the case i other examples.

A hub flange to which a bearing ring may be attached to,
as well as an attached bearing ring, define a circumierential
direction 320 and a radial direction 321. A pitch axis may be
then substantially perpendicular to the circumierential 320
and radial 321 directions.

In some examples, the light source may be configured to
emit light towards an outside 111 of the hub 110. In FIG. 3,
reference sign 112 represents an inside of the hub 110. In this
or other examples, the light source may be configured to
emit light substantially parallel to a pitch axis PA (see FIG.
2).

If light 1s emitted towards an outside 111 of the hub 110,
it 1s understood that the target 310 1s above the LECD 305.
“Above” may 1n general be understood as being in a plane
(including the radial 321 and circumierential directions 320)
over a reference. In FIG. 3, and more clearly 1n FIG. 6, the
target 310 1s above the LECD 305. However, it 1s not
precluded that light may be emitted towards an inside 112 of
the hub 110 and that the target 310 could be below the LECD
305 in some other examples.

The light source and the light sensor of the LECD 305 are
deemed to be included 1n element 305 in FIG. 3, and 1n
general in the depicted figures. However, 1t should be noted
that it 1s also possible that that element 305 may refer to a
light source only and that the light sensor 1s placed some-
where else. For example, the light source and the light sensor
may be separate elements which may be placed at an inside
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112 of the hub 110 along a radial direction 321 or a
circumierential direction 320 at a certain distance from one
another.

When the blade bearing ring 101 1s rotated using a pitch
system, the target 310 can 1n some positions modify the light
emitted by the light source. As a consequence, light col-
lected by the light sensor may substantially vary. For
instance, the light sensor may be sensing a substantially
constant light mput, but when the target intertferes with the
emitted light, the impact of the light emitted by the light
source on the target may cause the amount of light received
by the sensor to substantially increase or decrease.

A change 1n the light received by the sensor due to the
target 310 modilying the light emitted by the light source,
may therefore indicate that a specific position has been
achieved. This specific position may be a pitch homing
reference 1n some examples. In some other examples, this
specific position may be used for determiming a pitch
homing reference as explained further below.

Moditying, by the target 310, the light emitted by the light
source, may 1clude changing a reflection (e.g. a trajectory)
of the emitted light. Modifying the light emitted by the light
source may change the amount of light received by the light
sensor. The target 310 may be specifically configured for
altering the light emitted by the light source.

In some examples, the target 310 may modily the light
emitted by the light source when the light source and the
target 310 are aligned 1n a pitch axis direction. In other
examples, this specific alignment 1s not required.

The pitch homing reference, and optionally an additional
pitch reference, may be stored for indicating them later to a
wind turbine controller, e.g. a main wind turbine controller,
and a pitch system controller. The one or more pitch
references may be also indicated to a pitch motor.

As a pitch reference may be obtained by attaching a target
310 to the blade bearing ring 101 (or the wind turbine hub
110, and a sensor to the blade bearing ring 101), a wind
turbine blade 120 does not need to be connected to the hub
110 by the blade bearing ring 101 1n order to determine the
pitch reference. Therefore, the pitch reference may be
obtained before carrying the wind turbine components to the
installation site, for instance in an assembly plant. Installa-
tion and commissioning time, as well as the risk for the
operators performing the installation and commissioning
may be thus reduced.

This may be particularly important for offshore installa-
tion and commissioning, where the environmental and atmo-
spheric conditions may difficult carrying successiul and
smooth 1nstallation and commissioning.

Careful and precise attachment of the target 310 to the
blade bearing ring 101 or the hub 110, and of the light source
and light sensor to the hub 110 or the blade bearing ring 101,
may help to reduce errors 1n determining a pitch reference.
Likewise, later careful and precise attachment of a wind
turbine blade 120 to the blade bearing ring 120 may decrease
errors when pitching.

In some examples, as e.g. in FIG. 4, the target 310 may
include a target portion 315 with different reflectivity prop-
erties than other portions of the target 310, ¢.g. all the other
portions of the target 310. The target portion 315 may cause
a variation in the retlection of the light emitted by the light
source, and thus on the light that the light sensor receives.
The target portion 315 may change a trajectory of the
impinging light or leave 1t unaflected. The target portion 3135
may be of or may include different materials than other
target portions, including all the other target portions. In
some examples, the target portion 315 may be more reflec-
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tive than the remaining target portions. For example, the
target portion 310 may have reflective paint. In some other
examples, the target portion 315 may be a slit.

By defining one or more portions of target 310 that may
alter the emitted light, not only a difference between the light
received when the target 310 modifies 1t and when the target
310 does not modily 1t may be detected, but a further
difference related to light reflected on different portions of
the target 310 may also be detected. A pitch reference may
then be more precisely determined.

The extension of the target portion 315, e.g. of a slit, 1n a
circumierential direction 320 may be less than 1 mm,
optionally less than 0.5 mm. A shorter the target portion 315
in a circumierential direction 320 may increase the precision
in the establishment of a pitch reference.

The target 310 may be attached to the blade bearing ring
101 or the hub 110 1n different ways. In the examples of
FIGS. 3 and 4, mechanical fasteners 325 such as bolts,
screws or rivets are used. In some other examples, other
fasteners, e.g. adhesive, may alternatively or additionally be
used. In general, any number of fasteners and types of
fasteners may be used. The types of fasteners may be for
example selected depending on whether the target 310 will
be left attached during operation of the wind turbine 160 or
whether 1t 310 will be removed before the wind turbine 160
starts to operate.

The target 310 may be attached to a side 330 of the blade
bearing ring 101 on which a drive 1s configured to act. A
drive may include an electric motor, reduction gearing and
a pinion 108 1n some examples. The target 310 may be
attached to another side of the blade bearing ring 101 1n
other examples.

The pitch assembly 300 may further include a support 335
to which the sensor may be attached. When the sensor 1s an
LECD, the light source, and optionally the light sensor, may
be attached to the support 335. The support 335 may help to
place at least the light source in a more suitable position for
transmitting light, e.g. closer to the target 310. The support
335 may be placed on a platform 340 inside the hub 110
when the target 310 1s attached to the bearing imnner ring 103.

If the bearing inner ring 103 1s attached to the hub 110 and
the target 310 1s attached to the bearing outer ring 104, a
platiorm 340 for supporting at least the light source may be
placed 1n an outside 111 of the hub 110. In this case, the
platform 340 may be attached directly to the hub 100 or
additional connectors enabling a mechanical connection
between the hub 110 and the platform 340 may be provided.
The bearing outer ring 104 may include an annular gear 109
in some of these examples for rotating the bearing outer ring
104 with respect to the bearing inner ring 103 and the hub
110.

If the target 310 1s to be attached to the hub 110 instead
of the sensor 303, a support 335 may also be used to connect
the target 310 to the hub 110.

In some examples, the support 335 may comprise a
reflector 350 and may have a height such that the target 310
can pass between the light source and the reflector. As the
light emitted by the light source may impinge on the
reflector 350 unless the target 310 modifies the path fol-
lowed by the emitted light, the reflections collected by the
light sensor may provide a more constant, flatter and less
varied evolution of the recerved light with time than without
the presence of the reflector 350. Therefore, the passage of
the target 310 above (or below) the light source may be more
casily and clearly detected. Accordingly, the use of the
reflector 350 may improve the precision of the determination
of a pitch reference.




US 11,939,962 B2

9

A distance between the reflector 350 and the support body
335 and/or between the retlector 350 and the light source
may be adjusted such that the target 310 passes between the
light source and the reflector 350 when the blade bearing
ring 101 1s rotated. Additionally or alternatively, the dimen-
sions of the target 310 and where 1t 1s attached on the blade
bearing ring 101 may be adapted for this condition to be met.

The retlector 350 may be 1n an upper portion 335 of the
support 335. In the example of FIG. 5, the LECD 305 and
the reflector 350 are towards a lateral side 360 of the support
335, but 1n other examples the LECD 305 and the reflector
350 may be towards the other later side 365 of the support
335 or substantially centered.

It should be noted that the light source and the reflector
350 may be aligned 1n a direction parallel to a pitch axis, as
in FIG. S, but that this 1s not necessary.

In the present example, when target 310 1s not located
between light emitter and reflector, the light that 1s emitted
substantially will all be received by the collector. When the
target 310 1s positioned i between light emitter and reflec-
tor, a reduced amount of light will be received. The system
can thus identify that the target 310 1s located at a known
position or within a small range of known positions. As the
bearing ring with target 310 1s rotated further, the target
portion 315 will be located between light emitter and
reflector. If the target portion 1s formed as a slit, the light waill
be substantially fully reflected again. The precise position of
target 310 and a target portion 315 with respect to LECD 305
may be 1dentified.

In some examples, the support 335 may further comprise
a mechanical switch 370. The mechanical switch 370 1is
coniigured to come 1nto contact with the target 310 when the
blade bearing ring 101 1s rotated, for example when the
target 310 1s aligned with the light source in a direction
substantially parallel to a pitch axis. In some of these
examples, a mechanical switch 370 may be a limit switch.
When the blade bearing ring 101 with the attached target 310
moves, it may run into the mechanical switch 370. The
position at which this happens may be taken as a check, for
example as a check that a feathered position has been
reached.

The support 335 may comprise only a reflector 350, as in
FIG. S, only one or more mechanical switches 370, as 1n
FIG. 6, or may comprise a reflector 350 and one or more
mechanical switches 370 (not shown).

In some examples, an additional pitch reference may be
determined first, and a pitch homing reference may be
obtained from the additional reference afterwards. For
instance, the position in which the target 310, e.g. a target
portion 315, modifies the light emitted by the light source,
and thus also received by the light sensor, may not be
indicative of a position from which an 1nitial pitch angle may
be varied, e.g. a “zero” or “default below rated pitch
position”, but 1t may indicate another position, €.g. a posi-
tion close to a feathered position. As long as the position of
the target portion 313 1s known with respect to this desired
“zero” position, the information 1s suflicient for the control
system.

FIGS. 7A and 7B schematically 1llustrate a top view of a
pitch bearing attached to a hub flange, each figure showing
an example configuration 1n which a pitch homing reference
may be indirectly determined from another detected pitch
reference. For simplicity it has been assumed 1n these figures
than the light source and the light sensor are place 1nside the
LECD 305 and that light 1s emitted substantially parallel to
a pitch axis.
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In these figures, the target 310 and the sensor 305 may be
placed at precise and known positions. For example, when
an LECD 1s used, the light source and the light sensor may
be placed at precise and known positions to the blade
bearing ring 101 and the hub 110, respectively, such that
when the emitted light meets the target 310 and the light
sensor detects this, an indication of a feathered position
(labeled as FP 1n FIGS. 7A and 7B) of a wind turbine blade
120 to be attached to the blade bearing ring 101 may have

been found. If such a position 1s not the desired pitch
reference (labeled as PR 1n FIGS. 7A and 7B), this additional

reference may be detected by the light impinging on the
target 310 and a homing reference position for the pitch may
be determined afterwards.

For example, as schematically depicted in FIG. 7A, 1if a
pitch homing reference PR 1s deemed to indicate a pitch
position to be maintained at wind speeds lower than a
nominal wind speed, e.g. 1n a first operational range above
cut-in wind speed, the target 310 may be attached at this
desired portion of the bearing and the LECD 3035 may be
attached at a location between 80 and 90° from this 1nitial
pitch reference, e.g. 88.5° away from the pitch homing
reference. When the light emitted by the LECD 3035
impinges on the target 310 and this 1s detected by the sensor,
and the 88.5° position, thus a feathered position, 1s detected,
the below rated pitch position may be known by subtracting
88.5° to the position found by the target 310 deviating light
emitted by the light source and the light sensor detecting this
event 310.

Again, 1t should be noted that the pitch homing reference
may correspond to other positions different from a pitch
position to be maintained at wind speeds lower than a
nominal wind speed. Such a situation 1s schematically
represented 1in FIG. 7B. In this example, the alignment of the
target 310 and the LECD 305 may be indicative again of a
substantially feathered position, but a pitch homing refer-
ence may be about 45°, e.g. 45.3°, away from the feathered
position. For mstance, once the feathered position has been
determined with the aid of the LECD 305, 45.3° may be
subtracted to the feathered position to find the pitch homing,
reference.

[ikewise, the additional reference which in FIGS. 7A and
7B 1s indicative of a feathered position does not need to
indicate such feathered position but may be any other
position.

In this way, two different references of interest for the
pitch control system may be established relatively easily,
quickly and precisely.

Once the wind turbine i1s in operation, if one or more
mechanical switches 370 are present, the target 310 runming
into them may indicate that the additional reference, e.g. a
teathered position, has been achieved. This may serve as a
cross-check that the desired additional reference has been
attained.

In some examples, the blade bearing ring 101 1s config-
ured to permit mounting of a wind turbine blade 120 to the
blade bearing ring 101 1n a limited number of positions, and
particularly in a single position.

In order to minimize an error when pitching a blade 120,
once a pitch homing reference has been determined, a blade
120 is to be connected to the blade bearing ring 101 1n a
specific position according to the determined homing pitch
reference. The blade 120 and/or the blade bearing ring may
be configured to this end 1.e. they may be configured such
that an 1ncorrect mounting of the blade 1s (almost) 1mpos-

sible.
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In some examples, the blade bearing ring 101 may com-
prise one or more wind turbine blade attachment indicators
405. These 1indicators may enable a wind turbine blade 120
to be attached to the blade bearing ring 101 at a particular
intended position. Errors in pitching the blade 120 may thus
be avoided or at least minimized. The indicators may in
some examples be visual.

In some examples, the wind turbine blade attachment
indicators 405 may comprise recesses and/or protrusions
complementary to protrusions and/or recesses, respectively,
in a wind turbine blade joining tlange 430 configured to be
attached to the blade bearing ring 101. These protrusions
and/or recesses may have specific sizes and shapes to
facilitate the attachment and increase 1ts precision.

If a ring extender 1s used, see FIG. 8, the assembly 300
may further comprise a ring extender 410 wherein the ring
extender 410 comprises one or more wind turbine blade
attachment indicators 405, ¢.g. recesses 405 complementary
to protrusions or fasteners, respectively, in a wind turbine
blade joining flange 430 to be joined to the ring extender
410.

The ring extender 410 may be integrally formed with the
blade bearing ring 101 1n some examples. It this 1s not the
case and the ring extender 410 and the blade bearing ring
101 are separate pieces, the ring extender 410 may comprise
one or more wind turbine blade attachment indicators 4035
such as recesses and/or protrusions complementary to pro-
trusions and/or recesses, respectively, i a ring extender
jommng side 435 configured to be attached to the wind
turbine blade 120.

Optionally, the ring extender 410 and the blade bearing
ring 101 may also have complementary attachment indica-
tors 405 such as recesses and/or protrusions 1n the sides
where they may be joined to one another.

In some examples, one of the blade bearing ring 101 and
the wind turbine blade 120 comprises a fastener and the
other one 1s configured to receive the fastener. In some
examples, a fastener may be a protrusion to be received by
a complementary recess, as explained above. A ring extender
410 1s also contemplated, and 1f present, the description
above with respect to where a fastener and a corresponding
fastener receiving element may be, applies as well.

Still 1n some other examples, paint, ¢.g. paint of a par-
ticularly well distinguishable color, may serve for indicating
a desired orientation of the wind turbine blade 120 with
respect to the hub 110.

Although the blade 120 should be attached 1n a single and
intended position, 1t might happen that the blade 120 1is
attached in a non-desired position 1f several attachment
indicators 4035 or fasteners are provided. The attachment
indicators 403 may have different shapes, dimensions and/or
colors 1 some examples in order to avoid or at least reduce
the possibilities of wrongly placing a blade 120 on a blade
bearing ring 101. In some examples, more than one type of
indicator may be used, e.g. fasteners and paint may be used
together.

In some examples, the pitch assembly 300 may include a
wind turbine blade 120 comprising one or more wind turbine
blade attachment indicators 405, for example recesses and/
or protrusions complementary to the protrusions and/or
recesses, respectively, 1n a blade bearing ring 101 or a ring
extender 410. The wind turbine blade 120 may likewise
comprise one or more fasteners or may be configured to
receive one or more fasteners. The blade 120 may addition-
ally or alternatively include painted marks.

In some examples, guiding bushings may be used. l.e.
bushings 1n a bearing ring may have a diameter that
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decreases from a first end 1n which a stud or other fastener
1s recerved to a second end. In this manner, correct mounting
of the blade to the bearing ring may further be facilitated.

Although reference 1s made to recesses and/or protrusions
it 1s to be understood that a single recess and/or a single
protrusion 1n a piece (blade joming tlange, blade bearing
ring, ring extender) 1s also an option

In another aspect of the invention, a method 3500 for
determining a reference for a pitch control system, the pitch
reference being a reference point for the pitch control
system, 1s provided. This method uses a pitch assembly 300
as described above, e.g. with reference to any of the FIGS.
3 to 8. The description with respect to one or more of these
figures may be directly applied to this method.

The method comprises, at block 510, attaching a first

bearing ring 102 of a pitch bearing 100 to a hub flange 440

of a wind turbine hub 110. The first bearing ring 102 has
been previously referred to as hub bearing ring 102. The first
bearing ring 102 may be a bearing inner ring 103 or a
bearing outer ring 104.

The first bearing ring 102 may be attached to the hub 110,

¢.g. to a hub flange 440, by a bolted connection as for
example shown in FIG. 8. With reference to FIG. 8, an end
of a bolt 415 may be inserted, e.g. threaded or screwed,
through an opening 1n the first ring 102. The other end of the
bolt 415 may be secured to a nut 420. A washer 425 may
additionally be arranged between the first bearing ring 102
and the nut 420.
The method further comprises, at block 520, determining
a pitch reference by a sensor 3035 detecting that a target 310
1s 1n a predetermined position with respect to the sensor 305
when rotating a second bearing ring 101 of the pitch bearing
100.

The rotation may be driven e.g. by a pinion 108 engaging
an annular gear 109 on the second bearing ring 101. The
second bearing ring 101 1s different from the first bearing
ring 102 and has been referred to as blade bearing ring 101
betore. The second bearing ring 101 may be a bearing inner
ring 103 or a bearing outer ring 104.

As explained above, the sensor sensing the target may
indicate that a specific reference has been achieved. For
example, 11 an LECD 1s used as a sensor, a change 1n the
light recerved by the light sensor caused by the target 310
intercepting the emitted light by the light source may
indicate that a specific reference has been achieved. The
specific reference may already be a pitch homing reference
in some examples, and 1t may be an additional reference 1n
other examples. That 1s to say, the determined reference may
indicate a reference from which a homing reference can be
determined. In some examples, the method may further
comprise calculating the pitch homing reference from the
determined reference. For instance, the additional reference
may indicate a feathered position and the pitch homing
reference may be then obtained from the feathered position
reference. In any case, a precise pitch reference may be
obtained.

As a wind turbine blade 120 does not need to be attached
to the pitch bearing 100 for a pitch reference determination,
especially of a pitch homing reference, the method may be
performed away from an installation site, be it onshore or
offshore. Installation and commissioning time may be
accordingly reduced, and operator safety may be increased
as they do not need to spend so much time at high altitudes
in possibly not-ideal weather conditions.

If the sensor 1s an LECD, detecting that the target 1s in a
predetermined position may comprise detecting a change in
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the light received by the light sensor when the target 310
modifies light emitted by the light source.

Although a sensor 1n the shown examples has generally
been an LECD, other sensors may be used. In general, any
sensor enabling to detect a position of the target with respect
to the sensor may be used. For example, an inductive,
capacitive, or magnetic sensor may be used. A contact or a
color sensor may also be used. A sensor may be used 1n
combination with a suitable target 1.e. a target that allows
detection by such sensor.

A sensor 305 may be attached to one of the wind turbine
hub 110 and the second bearing ring 101 before rotating the
second bearing ring 101. The sensor 1s configured to sense
a target 310 such that a position of the target 310 with
respect to the sensor 2035 can be determined.

The sensor may be an LECD 305 comprising a light
source and a light sensor. The sensor or LECD 305 may be
attached to an inside 112 portion or an outside 111 portion
of the hub 110. As explained above, the light source may be
configured to emit light towards an outside 111 of the hub
110 1n some examples. The light sensor 1s configured to
receive one or more reflections of the emitted light. The light
may be emitted substantially parallel to a pitch axis (PA) in
some examples.

The sensor or LECD 305 may be attached by mechanical
and/or adhesive fasteners to the hub 110, e.g. to a platform
340 1nside 112 or outside 111 the hub 110. The sensor or
LECD 305 may be directly or indirectly attached to the hub
110. Indirect attachment may include a support 335. In such
examples, the sensor or LECD 305 may be attached to the
support 335, for mnstance to an upper portion 355 of the
support 335, and the support 335 may be attached to the hub
110, e.g. to a platiorm 340. An arm may be also used to place
the sensor or LECD 305 1n a suitable position and connect
it to the hub 110, e.g. if the blade bearing ring 101 15 a
bearing outer ring 104. The light source and the light sensor
may be separately attached to the hub 110. In some examples
the light source may be attached to the support 335 and the
light sensor may be attached to a platform 340.

In other examples, a sensor may be attached to the second
bearing ring 101.

A target 310 may be attached to the other of the second
bearing ring 101 and the wind turbine hub 110. As described
with respect to FIGS. 3 to 5, the target 310 may be
configured to modify light emitted by the light source when
the second bearing ring 101 1s rotated. The trajectory of the
emitted light and/or properties such as reflection of the
emitted light may be modified by the target 310.

If an LECD 1s used, light may be emitted by the light
source. Rotation of the second bearing ring 101 may start
betfore or afterwards emitting the light has started. Option-
ally the light may be emitted towards an outside of the hub
and/or substantially parallel to a pitch axis.

The target 310 may include a target portion 315 with
different reflectivity properties that other portions of the
target 310, e.g. all the other portions of the target 310. The
target portion 315 may be of or may include a piece of a
different matenial than other portions target 110 1n some
examples. For instance, the target portion 315 may be more
reflective than other portions of the target 110. The target
portion 315 may e.g. include reflective paint or may be a slit.
An enhanced precision 1n the detection of a change in the
light received by the light sensor may be obtained by adding
a target portion 315 as described.

If the second bearing ring 101 1s an 1nner bearing ring 103,
the target 310 may be attached to the mner bearing ring 103
side facing an inside 112 of the hub 110, e.g. the side
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including an annular gear 109, 1n some examples. If the
second bearing ring 101 1s a bearing outer ring 104, the
target may be attached to the bearing outer ring 104 side
facing an outside 111 of the hub 110 1n some examples. I.e.,
the target 310 may in general be attached to a side 330 of the
second bearing ring 101 on which a drive 1s configured to
act. In some other examples, the target 310 may be attached
to any other side of the second bearing ring 101.

Still 1n some other examples, the target 310 may be
attached to the wind turbine hub 110.

The target 310 may be attached to the second bearing ring
101 or the hub 110 by one or more fasteners. The one or
more fasteners may comprise mechanical fasteners 325
and/or adhesive fasteners. The target 310 may be joined to
the second bearing ring 101 before or after attaching the
pitch bearing 100, 1n particular the first bearing ring 102, to
the hub 110.

Similarly, the sensor or LECD 305 may be attached to the
hub 110 or the second bearing ring 101 before or after the
pitch bearing 110 1s mounted to the hub 110, and before or
aiter the target 310 1s attached to the second bearing ring 101
or the hub 110.

In some examples where a support 335 i1s used, the
support 335 may 1nclude a retlector 350 as explained before.
A reflector 350 may help the light sensor to easier and
clearer detect changes i the light it receives. If a target
portion 315 1s present, the reflector 335 may be used with
any configuration of the target portion 315. The support 335
may alternatively or additionally include one or more
mechanical switches 370.

If a pitch homing reference 1s to be determined directly,
the target 310 and the sensor or LECD 305 may be attached
at a position desired for the pitch reference 1n some
examples. The desired position of the target 310, ¢.g. on the
second bearing ring 101, and of the sensor or LECD 305,
¢.g. with respect to the ring 101, 1s known in advance. The
desired position may be such that when the target 310 and
the sensor or the light source are aligned by moving the
second bearing ring 101, the pitch homing reference 1s
determined. Alignment may take place along a direction
substantially parallel to the pitch axis.

If a pitch reference 1s to be determined indirectly, the
target 310 and the sensor may be attached to any suitable
location. For example, the target 310 and the LECD 305 may
be attached at a position such that the additional reference 1s
found when the light emitted by the light source impinges on
the target 310, e.g. on a target portion 315, and the light
sensor detects this event.

In some examples, the pitch homing reference may 1ndi-
cate a pitch position to be maintained at wind speeds lower
than a nominal wind speed.

In some other examples, the determined reference may be
indicative of a {feathered position. In some of these
examples, the target 310 and the sensor or LECD 305 may
be attached at a same position between an angle of about 80°
to about 100° away from the position desired for a pitch
homing reference. The pitch homing reference may be a
below rated pitch position. “A same position” refers to the
fact that the target 310 and the sensor or LECD 305 are
placed at a same angle away from the desired pitch homing
reference, e¢.g. about 95° away from 1it.

The pitch reference may be obtained by subtracting the
angle of about 80° to about 100° to the position 1n which e.g.
alignment in a direction substantially parallel to a pitch axis
has occurred.

In some examples, the method may further comprise
attaching a wind turbine blade 120 to the second bearing ring
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101 or to a nng extender 410 according to the determined
pitch reference, e.g. a pitch homing reference.

This may include attaching the blade, e.g. a wind turbine
blade joining flange 430, in a predefined position. A pre-
defined position may be indicated by one or more attach-
ment 1ndicators 4035 or 1 general any indicator.

As explained previously, a wind turbine blade 120, ¢.g. a
wind turbine blade joining flange 430, may comprise one or
more wind turbine blade attachment indicators 405 such as
paint, fasteners, fastener receivers, protrusions and/or
recesses. IT directly joined to the second bearing ring 101,
the second bearing ring 101 may include attachment 1ndi-
cators 405 configured to be matched with the indicators 405
in the blade 120.

In some examples, attaching the wind turbine blade 120
may comprise nserting a fastener into a complementary
receptacle.

In some examples, the one or more wind turbine blade
attachment indicators 405 may be protrusions and/or
recesses and the method may comprise fitting a wind turbine
blade joining flange 430 comprising recesses and/or protru-
s1ons to complementary protrusions and/or recesses, respec-
tively, provided 1n the second bearing ring 101. The protru-
sions and recesses may have complementary shapes for
tacilitating the insertion of the protrusions into the recesses,
¢.g. as 1llustrated 1n FIG. 8.

More than one type of indicator 405 may be used simul-
taneously. For example, fasteners and paint be used together,
or protrusions and/or recesses may be used in combination
with paint. Paint marks besides fasteners or protrusions
and/or recesses may help to orient the blade 120 with respect
to the second bearing ring 101 for an attachment i a
particular mtended position.

The wind turbine blade 120 may be then secured to the
blade bearing ring 101 by bolted connections 415.

If a wind turbine blade 120 1s not attached directly to the
second bearing ring 101, but to a separate ring extender 410,
the method may further comprise attaching a ring extender
410 to the second bearing ring 101 and attaching a wind
turbine blade 120 to the ring extender, the blade 120 and ring,
extender 410 being configured to be attached in a limited
number of positions, preferably 1n a single predefined posi-
tion. The blade 120 and may be attached to the ring extender
410 as explained above with respect to joining the blade 120
and the second bearing ring 120.

Any of the blade 120 and the rnng extender 410 may
comprise one or more wind turbine blade attachment indi-
cators 405 which may be complementary, e.g. in shape, 1n
the sides 1n which they are configured to come into contact.
For example, the blade 120 may have a certain number of
protrusions and the ring extender 310 may have the same
certain number of recesses, and the method may include
inserting the blade protrusions into the ring extender
recesses.

If not integrally formed with the second bearing ring 101,
the ring extender 401 may further include one or more wind
turbine blade attachment indicators 405 configured to be
joined to one or more wind turbine blade attachment indi-
cators 4035 provided in the second bearing ring 101. The one
or more wind turbine blade attachment indicators 405 may
be protrusions and/or recesses 1n some examples. The ring
extender 401 may then be attached to the second bearing
ring 101.

The sensor or LECD 305 and the target 310 may be
detached from the hub 110 and second bearing ring 101
betfore 1nstalling the wind turbine 160 in some examples. In
some other examples, they may be kept attached such that a
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pitch reference may be determined again 11 lost during wind
turbine operation for any reason. E.g. when a pitch control
system 1s changed, or after performing maintenance on a
pitch bearing.

If they are maintained and kept in place throughout
normal operational life, the support 335 may comprise one
or more mechanical switches 370, e.g. limit switches, for
checking that an additional reference has been achieved. In
some examples, pitching the blade 120 may be stopped
when one or more mechanical switches 370 on a support 3135
hit the target 310, even 1f the position at what the collision
happens does not correspond to a pitch angle indicated by a
wind turbine controller. The collision may be used as a way
of checking that the correct position has been reached by
pitching.

In another aspect, a method 600 for determining a pitch
reference usable for or during pitching of a wind turbine
blade 120 1s provided. This method uses a pitch assembly
300 as described above, e.g. with reference to any of FIGS.
3 to 8. The description with respect to one or more of these
figures may be directly applied to this method.

The method comprises, at block 610, attaching a first ring,
102 of a pitch bearing 100 to a hub flange 440 of a wind

turbine hub 110. As explained before, the hub tlange 440 and
the attached bearing 100 define a circumierential direction
320 and a radial direction 321. A pitch axis 1s substantially
parallel to these directions 320, 321.

The first bearing ring 102 may be attached to the hub
flange 440 by nuts 420 and bolts 415, as e.g. 1n FIG. 8.

The method further comprises, at block 620, attaching an
LECD comprising a light source and a light sensor to the hub
110 at a first reference setting position 445.

This first position 445 1s a predetermined position and
represents an indicator of a reference, for example an
indicator of a pitch reference or an additional reference. The
LECD 305 may be mounted directly to the hub 110, e.g. to
a plattorm 340 of the hub 110, or may be mounted indirectly
to 1t, for instance to a support 335.

The method further comprises, at block 630, attaching a
target 310 to a second ring 101 of the pitch bearing 100 at
a second reference setting position 450,

This second position 450 1s also a predetermined position
and represents an indicator of a reference, for example an
indicator of a pitch reference or an additional reference, too.
The target 310 may be attached to a side 330 of the second
bearing ring 101 on which a drive 1s configured to act in
some examples.

The method further comprises, at block 640, emitting
light towards an outside 111 of the hub 110 and parallel to
a pitch axis.

The method further comprises, at block 650, rotating the
second bearing ring 101. A drive such as a pinion 108
configured to act on an annular gear 109 may be used.
Hydraulic actuation instead of mechanical actuation 1s pos-
sible.

Light may begin to be emitted before or after the rotation
of the second bearing ring 101.

The method further comprises, at block 660, determining,
a pitch reference 455 by detecting a change in the light
received by the light sensor when the first 445 and second
450 reference setting positions become aligned 1n a direction
substantially parallel to a pitch axis.

The light source emits light and the light sensor receives
one or more reflections of the emitted light. When the target
310 passes above the light sensor, 1n particular aligning the
first 335 and second 430 reference setting positions 1n a
direction substantially parallel to a pitch axis, the target 310
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may reflect the light emitted by the light source. The light
sensor may thus detect a change 1n the light it 1s receiving,
being this indicative that a pitch reference has been attained.

In some examples, the determined reference 1s a pitch
homing reference. A point or axis from which pitch angles
may be measured, calculated and/or indicated may therefore
be determined directly, precisely, and without the need to
attach a wind turbine blade 120 to the hub flange 440.

In some other examples, the determined reference 1s an
intermediate reference from which a pitch homing reference
from a pitch homing reference can be calculated. This
intermediate reference corresponds to the additional refer-
ence 1n method 500. By calculating an intermediate refer-
ence first, two references of iterest may be obtained with a
single LECD 305 and target 310. By knowing that the first
445 and second 450 reference setting positions are away a
certain angle from the desired pitch homing reference (once
aligned), the pitch homing reference may be quickly found
as already explained herein.

In some of these examples, the first 445 and second 450
reference setting positions are configured to be a same angle
of about 80° to about 100° away from the pitch homing
reference when aligned. In other words, the pitch homing
reference and the intermediate reference may be designed to
be between 80° and 100° apart. In some examples, the pitch
homing reference may indicate a pitch position to be kept at
wind speeds lower than a nominal wind speed. The inter-
mediate reference may 1ndicate a feathered position.

One or more teachings from method 500 may be applied
to method 600 and vice versa. For example, one or more
mechanical switches 370 may be used in method 600. Ring
extenders 410 and/or one or more types of wind turbine
blade attachment indicators 405 may also be used 1n method
600.

Although only a number of examples have been disclosed
herein, other alternatives, modifications, uses and/or equiva-
lents thereot are possible. Furthermore, all possible combi-
nations of the described examples are also covered. Thus,
the scope of the present disclosure should not be limited by
particular examples, but should be determined only by a fair
reading of the claims that follow.

The 1nvention claimed 1s:

1. A wind turbine pitch assembly, comprising:

a wind turbine hub:;

a pitch bearing comprising a hub bearing ring attached to
a hub flange of the wind turbine hub and a blade
bearing ring configured to be attached to a wind turbine
blade;

a target attached to an inner surface of the blade bearing
rng;

a support connected to the wind turbine hub, the support
comprising a sensor mounted radially inward of the
target at a first height and a reflector mounted at a
different, second height, the sensor and the reflector
being spaced apart from each other to define a gap
therebetween,

wherein the sensor comprises a light source and a light
sensor that recerves one or more reflections of emitted
light from the light source, and wherein the target has
predefined reflective characteristics such that a position
of the target with respect to the light sensor 1s deter-
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mined by the target passing through the gap between
the sensor and the reflector when the blade bearing ring
1s rotated.

2. The wind turbine pitch assembly of claim 1, wherein
the light sensor 1s a light emitting and collecting device
(LECD).

3. The wind turbine pitch assembly of claim 1, wherein
the target comprises a target portion with diflerent reflec-
tivity properties than other portions of the target.

4. The wind turbine pitch assembly of claim 1, further
wherein the support comprises a mechanical switch config-
ured to come mto contact with the target when the blade
bearing ring 1s rotated.

5. The wind turbine pitch assembly of claim 1, wherein
the blade bearing ring comprises one or more wind turbine
blade attachment indicators.

6. A method of operating a wind turbine having a pitch
control system, the method comprising:

attaching a hub bearing ring of a pitch bearing to a hub

flange of a wind turbine hub;

attaching a support to the wind turbine hub, the support

comprising a sensor mounted radially mward of the
target at a first height and a reflector mounted at a
different, second height, the sensor and the reflector
being spaced apart from each other to define a gap
therebetween, the sensor comprising a light source and
a light sensor that receives one or more retlections of
emitted light from the light source;

determining a pitch homing reference for the pitch control

system after the hub bearing ring 1s attached to the hub
flange, the pitch homing reference being a reference
point for the pitch control system;

alter determining the pitch homing reference, attaching a

blade bearing ring to a wind turbine blade of the wind
turbine;

wherein determining the pitch homing reference com-

prises detecting, with the sensor, that the target 1s 1n a
predetermined position with respect to the sensor when
rotating the blade bearing ring, wherein the target has
predefined reflective characteristics such that the pre-
determined position of the target with respect to the
light sensor 1s determined by the target passing through
the gap between the sensor and the reflector when the
blade bearing ring 1s rotated; and

operating the wind turbine once the target 1s in the

predetermined position.

7. The method of claim 6, wherein the sensor 1s a light
emitting and collecting device (LECD) comprising a light
source and a light sensor, and wherein detecting that the
target 1s 1n the predetermined position comprises detecting a
change 1n the light received by the light sensor when the
target modifies light emitted by the light source.

8. The method of claim 7, wherein the light 1s emitted
from the light source substantially parallel to a pitch axis.

9. The method of claim 7, wherein the pitch homing
reference 1indicates a pitch position to be maintained at wind
speeds lower than a nominal wind speed.

10. The method of claim 6, wherein the pitch homing
reference indicates a feathered position.

11. The method of claim 6, wherein the blade bearing ring
1s configured for mounting to the wind turbine blade thereto
in a single position after the pitch reference 1s determined.
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